A new hydrogen-bonded charge-transfer (HB-CT) complex formed between the donor 2-amino-4-methoxy-6-methylpyrimidine (AMMP) and the π-acceptor 2,5-dihydroxy-p-benzoquinone (DHBQ) was investigated in both solid and solution states. e investigation was conducted using UV-Vis, CHN, FTIR, 1 H NMR, XRD, and TG-DTA analyses. e molecular composition of the CT complex in MeOH was found to be 1 : 1. e formation constant (K CT ), molecular extinction coefficient (ε), and several other spectroscopic physical parameters were evaluated at different temperatures. e thermodynamic properties of the CT interaction in MeOH were studied by calculating the enthalpy (ΔH°), entropy (ΔS°), and free energy (ΔG°). e thermodynamic parameters indicated that van der Waals interactions and hydrogen bonding occur between AMMP and DHBQ in MeOH. e CHN, FTIR, and TG-DTA measurements confirmed that the solid HB-CT complex forms in a 2 : 1 ratio, i.e., [(AMMP) 2 (DHBQ)], and exhibits high stability. Moreover, XRD analysis was used to establish that the mean particle size of the complex is 23 nm. Finally, the solid HB-CT complex was screened for its antibacterial, antifungal, and antioxidant activities. It shows good activity against various bacterial and fungal species. Furthermore, the HB-CT complex exhibits good DPPH scavenging activity.
Introduction
e synthesis and characterization of new hydrogen-bonded charge-transfer (HB-CT) complexes that have biological activities have attracted significant research interest in recent years [1] [2] [3] . is interest is largely due to the significant role that HB-CT complexes play in biological systems as antibacterial and antifungal compounds as well as the DNA binding these complexes exhibit [4] [5] [6] . Furthermore, CT complexes are widely applied in surface chemistry [7] , solar energy storage systems [8] , organic superconductors [9] , and optical devices [10] . Moreover, the HB-CT interactions of many heterocyclic drugs with various π-acceptors have been exploited in pharmaceutical analysis [11] [12] [13] and to further our understanding of drug-receptor mechanisms [14] .
Aminopyrimidines are very important N-heterocyclic compounds that have numerous pharmaceutical applications and biological activities [15] [16] [17] . ey are present in both natural and synthetic products [18] . Moreover, some aminopyrimidine derivatives have been explored as antithrombus, antimicrobial, antifungal, and anti-HIV agents [19] [20] [21] . ey also form a range of organometallic complexes with anticancer and antioxidant activities [22] [23] [24] . Aminopyrimidines contain important groups that can act as electron donors or proton acceptors, and the study of their CT complexes helps to understand the nature of their CT interactions [25, 26] .
Previous studies on HB-CT complexes [27] [28] [29] [30] and the well-documented biological importance of aminopyrimidines prompted us to investigate the ability of the simple pyrimidine derivative 2-amino-4-methoxy-6-methylpyrimidine (AMMP) as an electron donor in an HB-CT complex with the electron acceptor 2,5-dihydroxy-p-benzoquinone (DHBQ) in both solid and solution states (Scheme 1). e reaction stoichiometry, HB-CT properties, and thermal stability of the complex in MeOH have been estimated using UV-Vis spectrometry, whereas the solid HB-CT complex was characterized using FTIR spectroscopy, 1 H NMR, powder XRD, and TG/DTA. e antifungal and antibacterial activities of the HB-CT complex were explored, and the antioxidant activity of the new HB-CT complex against DPPH radicals was evaluated.
Materials and Methods
All chemicals used, including AMMP (Acros Organics, 98%) and DHBQ (Aldrich Chemicals, 98%), were of analytical grade. e MeOH was of spectroscopic grade and was used without further purification. Standard solutions of AMMP (1 × 10 − 2 mol L − 1 ) and DHBQ (5 × 10 − 3 mol L − 1 ) were prepared in MeOH before each measurement. e standard solutions of AMMP and DHBQ were kept in a cold and dark place for at least one week prior to use. e HB-CT solutions for UV-Vis spectroscopic measurements were prepared by mixing appropriate aliquots of AMMP and DHBQ standard solutions and then diluted with MeOH. e electronic absorption spectra of all solutions were recorded in the region from 700 to 300 nm with a UV-Vis spectrophotometer (Shimadzu UV-1800, Japan), which was connected to a temperature controller unit (Shimadzu TCC-ZUOA). e CHN contents were measured with a microanalyzer (PerkinElmer 2400, USA). e FTIR spectra of the AMMP, DHBQ, and their solid HB-CT complex were measured as KBr discs using a Frontier spectrometer (PerkinElmer, USA). 1 H NMR (600 MHz) spectra were recorded on a Bruker DPX spectrometer using 10 mg of the sample in DMSO-d 6 and TMS as an internal standard. ermal analyses were performed using a Pyris 6 TGA apparatus (PerkinElmer, USA). Powder XRD patterns were obtained on a Model Equinox1000 diffractometer (INEL, France) with Co K α (λ �1.7890Å) radiation at 30 kV and 30 mA. Minimal sample preparation was required for analysis; the sample was simply packed into a sample holder and placed in the instrument. e powdered sample was scanned over a 2θ range from 0°to 120°.
Synthesis of the Solid CT Complex.
e solid HB-CT complex was prepared by dissolving equimolar amounts (0.5 mmol) of AMMP and DHBQ in MeOH (25 mL). e AMMP solution was added to the DHBQ solution, and the mixture was stirred for 30 min. en, the solvent was allowed to evaporate at room temperature. e HB-CT complex was obtained as a dark-pink solid product, which was filtered and washed with MeOH. e CHN contents and physical data of the solid complex are given in Table 1 , where the analytical calculations confirmed that the HB-CT complex was formed as [(AMMP) 2 (DHBQ)].
Antimicrobial Activity

Antibacterial Activity.
ree Gram-positive bacteria were utilized, i.e., Bacillus subtilis (NRRL-B-4219), Sarcina lutea (ATCC 27853), and Staphylococcus aureus (ATCC 25923), as well as the Gram-negative microorganisms Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (NRRL B23 27853), and Klebsiella pneumoniae (ATCC 27736). e antibacterial tests were performed by the well diffusion method [31] to compare the antibacterial activities of AMMP and the new HB-CT complex against the human pathogenic bacteria. Neomycin was utilized as per usual guidelines at 30 μg·mL − 1 . e bacterial suspensions were balanced with saline to a convergence of 10 5 CFU·mL − 1 . e inoculum was refined in a nutrient medium to confirm the absence of tainting and to check the utility of the inoculum. Colonies were spread onto plates, and wells were made utilizing a cork borer (8 mm) . Wells were loaded with 10 μg·mL − 1 of engineered mixes diluted with dimethyl sulfoxide (DMSO). e Petri dishes were kept aseptically for 4 to 5 h. en, all the Petri dishes were incubated for 24 h at 32°C, and the development inhibition zones were estimated.
Antifungal Activity.
Potato dextrose agar medium was used to investigate the antifungal activities of AMMP and the new HB-CT complex. e medium was sterilized in an autoclave for 15 min at 15 psi. en, it was transferred aseptically into Petri plates. e contagious strains, yeasts, such as Candida albicans (ATCC 10231), Aspergillus niger (NRRL-3), and Penicillium sp. were inoculated on the surface of the Petri plates independently after two hours. e parasitic suspensions were balanced with clean saline to 10 4 spores·mL − 1 [32, 33] . e inoculums were refined in a strong medium to confirm the absence of tainting and to check the utility of the inoculum. Colonies were spread onto the plates, and then wells were made utilizing a cork borer (8 mm). Wells were loaded with complex diluted with DMSO to 50 μg·mL − 1 .
ese Petri plates were incubated for 48 h at a temperature of 28 ± 2°C, and then the development of inhibition zones (in mm) was assessed. e zone of inhibition (mm) for each compound was compared with that of a tetracycline standard. Finally, the best outcomes were repeated at a compound concentration of 30 μg·mL − 1 .
ADPPH Radical Scavenging Activity.
e antioxidant activity of ethanolic AMMP and the HB-CT complex was assessed in terms of DPPH radical scavenging ability [34] . e optical densities of samples without DPPH were subtracted from those with DPPH to eliminate the background. e decrease (%) values were compared with ascorbic acid (Asa) as a standard. e inhibition of DPPH was calculated as a percentage (I%).
Results and Discussion
Electronic Absorption Spectra and Molecular
Composition.
e electronic absorption spectra of the AMMP, DHBQ, and their mixture in MeOH were recorded in the range of 700-300 nm, as shown in Figure 1 . An absorption band centered at 488 nm is observed in the visible region of the mixture that is not present in the free AMMP and DHBQ absorption spectra. Moreover, the appearance of this band is accompanied by a change in the mixture color, where an orange solution was obtained as shown in Figure 2 . e suggested mechanism for the formation of this CT complex in a polar solvent such as MeOH involves the formation of an initial outer sphere CT complex followed by the complete transfer of electrons from the AMMP to the DHBQ, leading to the formation of intensely colored radical ions, as shown in Scheme 2 [27, 28] . All complex spectra were recorded against DHBQ solution as a blank [27, 28] . e molecular composition of the formed complex was determined by using Job's method of continuous variation [35] . Equimolar concentrations (5 × 10 − 3 mol·L − 1 ) of both AMMP and DHBQ in MeOH were used. A series of mixtures of AMMP and DHBQ was prepared in which the total volume was kept at 4 mL. e AMMP and DHBQ were mixed in different ratios (0.5 : 3.5; 1.0 : 3.0; . . .; 3.5 : 0.5) and then complete the volume to 10 mL with solvent (MeOH). e absorbance of the formed complex was measured at 488 nm against the DHBQ solution as blank. e maximum absorbance was recorded at 0.5 mol fraction, indicating the formation of 1 : 1 complex (AMMP : DHBQ) ( Figure 3 ). Also, the 1 : 1 molecular composition was confirmed by using the photometric and conductometric titrations [29] (Figures 4 and 5).
Determination of Formation Constant and Spectroscopic Physical Parameters.
e electronic absorption spectra of the CT complex were recorded with increasing AMMP concentration from 2.0 × 10 − 4 mol·L − 1 to 10 × 10 − 4 mol· L − 1 and a fixed DHBQ concentration (5 × 10 − 4 mol·L − 1 ). e CT solutions were analyzed at different temperatures (20°C, 25°C, 30°C, 35°C, and 40°C). Figure 6 shows the electronic spectra of the CT complex at different temperatures, demonstrating that the absorbance decreases with increasing temperature. Moreover, the CT complex band was found to be stable for more than 2 h at room temperature (20°C). e absorbance values of the CT complex at λ max for different concentrations of AMMP and at different temperatures are shown in Table 2 . e values of the formation constant (K CT ) and the molar absorptivity (ε) at different temperatures were calculated by applying the modified Benesi-Hildebrand equation [36] for 1 : 1 stoichiometry as follows:
where C o D and C o A are the concentrations of the donor (AMMP) and acceptor (DHBQ), respectively, and Abs is the absorbance of the CT complex at a given concentration.
for the formed CT complex at different temperatures produces straight lines, indicating the formation of a 1 : 1 complex ( Figure 7 ). e concentrations of donor and acceptor, which were used in BH plots, are presented in Table 2 . e values of K CT and ε were calculated from the slopes and intercepts of the lines at different temperatures, and the results are given in Table 2 . e values of K CT and ε are high, which confirms the high stability of the formed CT complex in MeOH. Also, the high values of both K CT and ε indicate the strong interaction between AMMP and DHBQ and the presence of hydrogen bonds in the complex formed. e high stability of the HB-CT complex may also be due to MeOH acting as both a hydrogen bond donor and a hydrogen bond acceptor. Based on Kamlet-Taft solvent parameters [37] , MeOH has high values of both hydrogen bond donating ability (α, 0.98) and hydrogen bond accepting ability (β, 0.62). erefore, MeOH can form hydrogen bonds as H-donor with the basic centers in AMMP and in DHBQ, as well as with the primary amine protons of AMMP and the protons of the OH groups of DHBQ as an H-acceptor.
us, these bonds are assumed to increase the stability of the formed HB-CT complex [38] .
From the spectral data of the HB-CT complex in MeOH, several spectroscopic physical parameters were calculated and evaluated. e ionization potential (I D ) of the free donor (AMMP) in the HB-CT complex was calculated by applying the equation derived by Aloisi and Pignataro [39] :
where v CT is the wavenumber in cm − 1 of the HB-CT band. e value of the AMMP ionization potential in MeOH is given in Table 3 , and it is a relatively low value, which indicates the good donating power of AMMP and thus the high stability of the formed HB-CT complex. e experimental oscillator strength (f ) [40] and the transition dipole moment (μ) [41] of the HB-CT complex were calculated at different temperatures using the following equations [42] :
where Δv 1/2 is the half bandwidth in cm − 1 of the HB-CT band, and ε CT and v CT are the molar extinction coefficient and wavenumber of the CT band, respectively. e values of both f and μ are given in Table 3 . e high values of both f and μ indicate the strong HB-CT interaction between AMMP and DHBQ in MeOH. An important finding from Table 3 is that the values of both f and μ decrease with increasing temperature, which indicates that the stability of the HB-CT complex decreases with increasing temperature.
ese results can also be confirmed by the decreased in K CT values with increasing temperature as shown in Table 2 . e high values of K CT , f, and μ are consistent with the low CT energy value (E CT ) calculated using the following equation [43] :
Finally, the resonance energy (R N ) of the HB-CT complex in the ground state was determined by applying the following relationship derived by Briegleb and Czekalla [44] , and the result is given in Table 3 :
e R N value of the CT complex is high in MeOH, which suggests that the complex is strongly bound in this solvent and exhibits good resonance stabilization [45] .
Determination of ermodynamic
Parameters. e thermodynamic parameters ΔH°and ΔS°were calculated based on the values of K CT at various temperatures by applying the van't Hoff relationship [46] :
where ΔH°and ΔS°are the enthalpy and entropy changes during the charge-transfer process. A straight line was obtained by plotting ln K CT against 1000/T, as shown in Figure 8 . e slope and the intercept of the line represent the values of ΔH°and ΔS°. e values of K CT at different temperatures and the ΔH°and ΔS°values are given in Table 4 . From Table 4 , it is apparent that the HB-CT complex is less stable when the temperature is higher. Moreover, the enthalpy of the charge-transfer reaction is high and negative, indicating that the reaction is an exothermic process. It has been reported that, when the values of ΔH°and ΔS°are negative, van der Waals interactions and hydrogen bonding take place [47] . us, van der Waal interactions or hydrogen bonds are the main forces between AMMP and DHBQ in the formed HB-CT complex. e standard free energy change of the charge-transfer interaction (ΔG°) was determined from the K CT values at different temperatures by applying the following equation [48] :
where ΔG°is the free energy change of the complex (kJ mol − 1 ), R is the gas constant (8.314 mol − 1 K), T is the absolute temperature, and K CT is the formation constant of the HB-CT complex (L mol − 1 ). Table 4 that the values of ΔG°become more negative as K CT increases because when the CT bonding becomes stronger, the components are subjected to more physical strain and less freedom; thus, the values of ΔG°became more negative [49] .
Quantification Parameters.
To determine the limit of detection for the HB-CT complex, different aliquots (0.1, 0.25, 0.5, . . ., 5.0 mL) of a standard solution of AMMP (200 μg·mL − 1 ) was transferred into a series of 10 mL volumetric flasks. To each flask, 1 mL of 5 × 10 − 4 mol·L − 1 DHBQ was added, and the mixture was diluted to the mark with MeOH. e absorbance of all solutions was measured at λ max (488 nm) against DHBQ blank. A standard calibration curve was constructed by plotting the absorbance of the solutions versus AMMP concentration. e regression equation of the curve was evaluated by the least-squares method [50] . e curve was linear over the concentration range of 2.00-80.0 μg·mL − 1 AMMP with very small intercept and slope and excellent correlation coefficient ( Table 5 ). e limit of detection (LOD) and limit of quantification (LOQ) were calculated according to the IUPAC definitions [51] :
where S a is the standard deviation of the intercept and b is the slope of the curve. e calculated values of LOD and Journal of Chemistry 
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LOQ are listed in Table 5 , where they recorded small values confirming the high sensitivity of the CT reaction to detect the AMMP in low concentration using DHBQ as a reagent.
Characterization of the Solid CT Complex
FTIR Spectra.
e FTIR spectra of the donor AMMP, acceptor DHBQ, and the solid HB-CT complex recorded as KBr disks are given in Figure 9 , respectively. In the complex spectrum, the main infrared bands of the donor and acceptor are blue-or red-shifted compared with those of the isolated acceptor or donor. ere is also a decrease or increase in band intensities for the complex spectrum compared with the acceptor or donor spectra as a result of the charge redistribution upon complex formation, confirming CT complex formation between DHBQ and AMMP.
A significant feature from the HB-CT complex spectrum is the change in the stretching vibration region at 3500-2500 cm − 1 . e sharp asymmetric and symmetric stretching vibration bands for the amino and methyl groups at 3365, 3313, and 3179 cm − 1 in the donor spectrum disappear in the complex spectrum ( Figure 9 ). Instead, broadband is observed at 2990 cm − 1 , which is attributed to hydrogen bond formation between the two amino groups of two donor molecules with the two hydroxyl groups of one DHBQ molecule leading to the diminution of the amino and methyl vibrational bands. Another broadband is observed at 2578 cm − 1 , which confirms the involvement of both the amino group and one of the ring nitrogen of the AMMP in hydrogen bonding (N + − H . . .. . . O − ) with the hydroxyl group of the DHBQ (Scheme 3). Another important observation from the complex spectrum is the blue shifting of ](C�O) and δ(NH 2 ) in the complex spectrum to 1664 cm − 1 (doublet) compared with 1610 cm − 1 for DHBQ alone and AMMP alone.
Furthermore, the out-of-plane deformation Υ(C�O) is observed at 660 cm − 1 compared with 619 cm − 1 for DHBQ alone. is confirms the formation of a 2 : 1 complex between AMMP and DHBQ through a strong donation by two donors with one strongly accepting molecule. Another important observation is the appearance of a broad absorption extending from 1400 to 400 cm − 1 with the protonic center of gravity at 855 cm − 1 due to the strong hydrogen bonding in the formed complex. Consequently, the formed complex exhibits high stability through charge and hydrogen bond interactions, and these results are in full agreement with the high stability constant of the complex.
1 H NMR Spectra.
e 1 H NMR spectrum of the [(AMMP) 2 (DHBQ)] complex in DMSO-d 6 is shown in Figure 10 , where the signals of the donor and acceptor were detected, confirming its formation. e chemical shifts of the Journal of Chemistry reactant molecules and the HB-CT complex are compiled in Table 6 . Shifts in the resonance signals were recorded in the complex spectrum compared with that of the donor and acceptor molecules due to the change in the electronic structure upon complexation. For example, a singlet resonance signal of methyl group protons was shifted to δ � 2.151 ppm compared with δ � 2.125 ppm in the free AMMP. Also, the signal of methoxy group protons was shifted to δ � 3.789 ppm compared with δ � 3.764 ppm in the free AMMP. e singlet resonance signal of the two symmetrical protons of C 3 and C 6 of the DHBQ moiety was shifted to δ � 5.863 ppm. Hence, the shifts in the resonance signal positions confirmed the charge transfer from the DHBQ to the AMMP. From Figure 10 , the disappearance of the hydroxyl proton signal of DHBQ above δ � 7 ppm is clearly observed, supporting the formation of hydrogenbonded CT complex. Instead, a new broad signal centered at δ � 3.534 ppm is identified, which is assigned to the hydrogen bond formed between the ring nitrogen and the hydroxyl proton of the DHBQ. Also, a downfield shift of the amino group protons signals to δ � 6.673 ppm compared with δ � 6.460 ppm for the amino protons in the free AMMP, which is due to the deshielding of the amino group protons as a result of the hydrogen bond formation (Scheme 3 3.5.3. ermal Analysis. TG and DTA are very useful for studying the decomposition and, thus, the stability of solid HB-CT complexes. In the present study, the TG-DTA measurements were performed under a nitrogen gas flow of 20 mL min − 1 in the temperature range 10°C-1000°C at a heating rate of 10°C min − 1 . e thermal data for the HB-CT complex are given in Table 7 . e thermal behavior of the solid [(AMMP) 2 (DHBQ)] complex is shown in Figure 11 , where only one strong peak is observed, indicating that the formed complex is a new organic compound that has one sharp melting point [52] . e complex shows endothermic decomposition at DTA max (140°C to 235°C) � 194°C, which corresponds to the loss of the organic moiety C 16 H 22 N 6 O 6 with an observed weight loss of 94.75% (calc. � 94.27%).
Powder XRD
Analysis. e structure and particle size of the synthesized [(AMMP) 2 (DHBQ)] HB-CT complex were investigated by XRD analysis. Figure 12 shows the XRD pattern of the complex in the range 0 < 2θ < 120°. A sharp and strong characteristic Bragg peak is observed at 2θ � 30.91°. e appearance of sharp and well-defined Bragg peaks at specific 2θ angles confirms the semicrystalline structure of the [(AMMP) 2 (DHBQ)] complex. Based on the highest intensity value and XRD data, the particle size of the complex was calculated using the Debye-Scherrer equation [53] :
where D is the apparent particle size of the grains in nm, 0.94 is the Scherrer constant, λ is the wavelength of the incident X-rays (Co K α : 1.7890Å), θ is the position of the selected diffraction peak, and β is the full-width at half-maximum (FWHM) of the characteristic XRD peaks in radians. e values of the Bragg angle (2θ), β of the main intensity peak, the interplanar spacing between atoms (d), the relative intensity, and the calculated particle size (D) in nm are shown in Table 8 . e calculated particle size of the [(AMMP) 2 (DHBQ)] complex was found to be ca. 23 nm, which demonstrates that the complex particles are in the nanoscale range.
3.6. Antimicrobial Activity Studies. Both the donor (AMMP) and its synthesized HB-CT complex were tested in vitro for antimicrobial activity against several microbes including Gram-positive bacteria, Gram-negative bacteria, and fungi. e microorganisms used in this study are commonly applied in research into new antimicrobial agents [54] .
We first performed a preliminary screening by the well diffusion method to assess AMMP and the new HB-CT complex for antimicrobial properties. e [(AMMP) 2 (DHBQ)] complex was found to exhibit antimicrobial activity, as shown in Table 9 . e results given in Table 9 indicate that the new complex has high inhibitory activities against Gram-negative and Gram-positive bacteria, as revealed by the diameters of their inhibition zones (˃10 mm). Also, the activity of the HB-CT complex is comparable with that of neomycin for Gram-negative and Gram-positive bacteria. Overall, the results demonstrate that the new HB-CT complex synthesized in this study exhibits strong antibacterial activities with significant zones of inhibition (≥20 mm) against all the tested bacteria. e [(AMMP) 2 (DHBQ)] HB-CT complex is of special interest since it shows inhibition of all tested fungi, whereas the tetracycline control failed to affect the growth of Aspergillus niger. Furthermore, the complex presented an inhibition zone for certain bacterial strains equivalent to that for 30 mg of tetracycline. e high antimicrobial activity of the [(AMMP) 2 (DHBQ)] complex can be attributed to the presence of both pyrimidine and p-benzoquinone rings, which are known for their biological activities [55, 56] . Furthermore, it has been reported in the literature that heterocyclic compounds with electron-donating methoxy group substituents at the para position of the aromatic rings exhibit excellent antimicrobial activity [57] [58] [59] .
Antioxidant Activity.
e DPPH radical scavenging activity of the [(AMMP) 2 (DHBQ)] complex was assessed using Asa as standard for comparison. e HB-CT complex shows good capacity for DPPH scavenging, as shown in Figure 13 , which indicates that it exhibits antioxidant activity. 
Conclusions
e HB-CT interactions between AMMP as an electron donor and DHBQ as a π-acceptor were studied in MeOH using UV-Vis spectroscopy, whereas the solid HB-CT complex was characterized by CHN, FTIR, 1 H NMR, XRD, and TG/DTA analyses, revealing that AMMP is found to form a stable 1 : 1 HB-CT complex with DHBQ in MeOH and a stable 2 : 1 [(AMMP) 2 (DHBQ)] complex as a solid. e high stabilities of the complex in both states are due to the fact that AMMP is a good donor and DHBQ is a good acceptor, leading to strong hydrogen bonding in the formed complex. Furthermore, the MeOH plays a twofold role as both hydrogen bond donor and hydrogen bond acceptor, which is assumed to increase the stability of the HB-CT complex. XRD analysis revealed that the synthesized complex has a nanocrystalline structure with a particle diameter of ca. 23 nm.
Furthermore, the antimicrobial and antioxidant activities of the HB-CT complex were studied. In vitro antimicrobial evaluation revealed that the complex exhibits inhibitory activities against a wide range of microorganisms comparable (and in certain cases superior) to those of tetracycline and neomycin. Furthermore, the complex was demonstrated to exhibit antioxidant activity against DPPH radicals. us, the prepared complex has enormous promise as antimicrobial agent. However, more work is required to evaluate the cytotoxicity of the complex, particularly toward eukaryote cells.
us, cytotoxicity tests are an absolute necessity if the synthetic complex is to be utilized as a pharmaceutical.
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